Abstract: To confirm daily accumulation of visual fatigue induced by work with visual display terminals (VDT), visual evoked potential (VEP), near point distance (NPD) and critical flicker fusion (CFF) were measured in three VDT workers and three sex-and age-matched controls (non-VDT workers) in the morning, noontime and evening for five consecutive days (Monday to Friday), totally 15 times per subject. The workers had been engaged in wireless handling operation, with VDTs, of an unmanned power shovel (Worker 1), an unmanned 78-ton dump truck (Worker 2) and mobile monitor-cameras (Worker 3), for 10 months. Their working hours were about 6.5 hours per day; but, the Worker 2 could take a 10-minute recess (a period without VDT work) per about 30 minutes during working hours. Significant daily variations in the VEP latency, NPD and CFF were found in the Worker 1 or Worker 3 despite the absence of any significant daily or diurnal variations in the non-VDT workers; the trends in the variations were getting worse from Monday to Friday. The NPD in the VDT workers was significantly longer than that in each of the matched controls; also, the CFF in the Workers 1 and 3 was significantly depressed. The changes in the VEP latency from morning to noontime and in the NPD and CFF from noontime to evening were significantly larger in the VDT worker than in the matched control. These findings suggest that VDT work probably affects visual function assessed by the VEP, NPD and CFF. Visual fatigue due to longterm VDT work may tend to be accumulated day by day.
INTRODUCTION
For the last two decade considerable attention has been paid to the possibility that working with a visual display terminal (VDT) leads to various problems in eye and vision', including eye discomfort, blurring of distant objects, ocular asthenopia, visual asthenopia and headache. In relation to visual fatigue, significant psychophysiologic changes in VDT workers have been demonstrated in studies using critical flicker fusion (CFF)6-10~, near point distance (NPD)6' g ' 9) and reaction time10~ during VDT loads, The changes in latencies and amplitudes of the visual evoked potential (VEP) also have been reported to be associated with VDT work transiently9 ' 11-13) . However, the cross-sectional nature of some previous investigations might have complicated the estimation of the causal relationships between VDT work and such physiological changes. Additional work to determine whether VDTs produce chronic effects on eye and vision will require prospective studies of populations exposed to VDTs.
According to a survey on subjective symptoms in VDT workers, the adverse effects of VDT work seemed to accumulate gradually over months and years14>; whereas, questionnaire methods tend to be frequently intervened by information bias9~. Also, the CFF in video-monitor watchers of a train control room was getting worse from morning to night15~. Accumulation of visual fatigue, thus, may be caused by a long spell of hard VDT work.
In the present study, only three workers were examined to confirm such cumulative effects on the VEP, NPD and CFF; they had been engaged in handling operation of the "tele-earthwork system" in front of VDTs of a control room for 10 months, i.e., wireless control of an unmanned power shovel, an unmanned 78-ton dump truck and mobile monitor-cameras for watching the above machines, which were about 2 km away from a control room. This earthwork was performed to remove safely a large quantity (125,000 m3) of sands and rocks piled in Mizunashi River (so called, at the "danger zone" after large pyroclastic flow rushed down from the crater of Mt. Fugendake in Unzen area, Nagasaki on June 3, 1991). And, as the earthwork machines were so large and destructive, the wireless handling operation required special cooperation of VDT watching and skill with the hands; for this reason, they sometimes complained of stiffness in the shoulders, drowsiness and eye strain.
MATERIALS AND METHODS

Subjects
The subjects of this study consisted of all VDT workers in an earthwork corn- The Worker 1 used to be a power shovel driver before this earthwork started, and he had operated the unmanned power shovel by using virtual reality (three-dimensional pictures) for about one month; but, since he complained of severe visual fatigue, the virtual reality was replaced with ordinary VDTs (Fig.  1) . The Worker 2 could take a 10-minute recess (a period without VDT work) per about 30 minutes during working hours, inasmuch as the dump truck was operated by another driver within the safety zone after it was moved from the danger zone to the safety zone by means of her wireless operation. The Worker 3 adjusted angles and sights of several mobile cameras continually in response to the above workers' handling operation. The Workers 1 and 3 accordingly had little time to rest in working. None of the VDT workers was occupationally exposed to neurotoxic substances such as lead or solvents, nor had ever suffered from endocrinological, neurological or other confounding disorders such as strabismus, diabetes mellitus or multiple sclerosis.
The control subjects (non-VDT workers) for each VDT worker were three sexand age-matched healthy workers of the same company, living in Unzen area. The Control 1 was a male managing engineer aged 41 years; the Controls 2 and 3 were female office workers aged 23 and 22, respectively. None of them was occupationally exposed to neurotoxic substances nor had ever suffered from any disorders mentioned above.
Methods
The nature of the procedure used in the present study was fully explained to all subjects, and the study was carried out with their informed consent. The physiological tests were conducted by one examiner, to avoid measurement bias, in a darkened room near the control room in Unzen area. Each of six subjects was examined by the VEP, NPD and CFF in the morning (7:00-8:45, i.e., before work), noontime (11:45-13:30, at lunch time) and evening (16:30-18:15, after work) for five consecutive days (Monday to Friday), totally 15 times; of course, they did their routine work in the week of examinations.
Measurement of pattern-reversal VEP with binocular full-field stimulation was conducted by using a four-channel electromyograph (Medelec Sapphire-4ME, UK)16' ") Subjects sat quietly 127 cm in front of a 17-inch TV screen (SONY, Japan) and were asked to fixate on the center of the screen. The checkerboard pattern on the TV screen consisted of white and black squares of 60-minute arc (mean luminance, 371 cd/m2 and 5 cd/m2, respectively), reversing at a rate of 2/sec (sampling time, 0.2 msec). One positive peak (P100) was recorded using standard EEG electrodes fixed to the occipital cortex, the forehead and the left mastoid (ground). Responses were averaged 128 times after amplification and filtration (bandpass, 1-100 Hz), with one replication. The daily variations in the P100 latency was
The P100 latency reflects the conduction time from the retina to the visual cortex'?.
The NPD was determined using a VDT Near Point Meter NP-200 (Toyo Medical Co., Japan) to assess the visual accommodative function9~. The average value for the NPD was calculated from three measurements. The CFF was examined five times/measurement by decreasing the frequency of signals at a constant speed using a Digital Flicker CE-2 with a frequency range of 1-60 Hz (OG-Giken Ltd, Japan). The mean frequency for the CFF was computed from three ones except the minimum and the maximum. This procedure has been suggested to be a useful index of the prechiasmal visual pathway such as the retina or the optic nerve'8, as well as of the activity of the central nervous system19~.
The daily variation for five days and diurnal variation (measurements in the morning, noontime and evening) in each subject were tested by two-way analysis of variance (ANOVA). The paired t-test was used to determine the significance of the differences in the VEP latency, NPD and CFF, and of the changes from morning (or noontime) to noontime (or evening) between a pair of the worker and control. All analyses were performed using the Statistical Packages for the Biosciences (Uni-Science Co., Japan).
RESULTS
In the non-VDT workers (controls), no significant diurnal variations in the VEP latency, NPD or CFF were seen as shown in Table 1 . Likewise, there were no significant daily variations in the VEP latency, NPD and CFF, with the exception of the CFF in the Control 3 ( Table 2) .
There was a significant diurnal variation in the VEP latency in the Worker 1 (Table 1) ; similarly, a significant daily variation in the VEP latency was found in the Worker 1 ( Table 2 ). The change during morning work in the VEP latency of the Worker 2 was significantly larger than that of the Control 2 (Fig. 2) . The NPD in three VDT workers was significantly longer than that in each of the matched control subjects in the morning, noontime and evening ( Table 1) . The daily variation in the Worker 3 was statistically significant ( Table 2 ). The change in the NPD during afternoon work was significantly larger in the Worker 2 than in the Control 2 (Fig. 2) .
The CFF in the Workers 1 and 3 was significantly depressed when compared with that in the Controls 1 and 3 in the morning, noontime and evening; similarly, there was a significant difference between the Worker 2 and Control 2 in the morning (Table 1) . A significant daily variation in the CFF was seen in the Worker 3 (Table 2) . Also, the change in the CFF during afternoon work was larger in the Worker 3 than in the Control 3 (Fig. 2) .
DISCUSSION
In the present study, the changes in the VEP significantly larger in the workers with VDT use (paired control subjects). Specifically, the change latency, NPD and CFF were than in the non-VDT workers in the VEP latency is consis- tent with the outcome of two previous reports. In one of them, the changes in the N75 latency and subjective fatigue related to drowsiness and dullness, due to 2.5-hour work shift, were significantly greater in VDT-exposed keypunchers than in unexposed subjects9~; and, another report found significant differences in the P100 latency and the amplitude before and after two kinds of 1-hour visual load13~. Similarly, the present finding coincides with several changes reported in 4 experimental studies of VDT performance, i.e., decrease in the amplitudes of VEP and accommodative response10-'2~, prolongation of reaction time", and decrease in the pupil size and CFF6' 10) VDT work thus seems to influence the visual function transiently, including the pupil system, accommodation and visual cortex9, b0> Table 2 . VEP latency (P100, msec), near point distance (NPD, cm) and critical flicker fusion (CFF, Hz) measured three times/day in VDT workers and matched controls (Mean ± Standard deviation).
Significant daily variations in the VEP latency, NPD and CFF were found in the Worker 1 or 3 despite the absence of such specific variations in the non-VDT workers; the tendency in the variations was getting worse from Monday to Friday (Table 2) . Also, there was a significant diurnal change in the VEP latency of the Worker 1, which agrees with the descending CFF change observed in traffic controllers15, 20) The CFF in a subgroup of VDT keypunchers examined on Friday was significantly lower than that in other subgroups on Monday and Tuesday9~. Furthermore, the rates of subjective symptoms such as eye strain and blurring of distant objects increased with years of service in workers of microelectronic company14~. These data suggest that visual fatigue assessed by the VEP, NPD and CFF tends to be accumulated day by day. The explication of the cumulative mechanism on the excitability of the visual nervous system awaits further research by means of animal experiments.
This study has two apparent study design problems. A limitation under evaluation was due to the fact that the study subjects who had been engaged in wireless operation with VDT usage were only three workers; use of wireless operation of earthwork machines at the danger zone was the first trial in this industry of Japan, and such workers hardly existed elsewhere at the moment of testing. From the epidemiological point of view21~, investigation with at least more than 15 pairs of workers and controls would be recommended. Also, another concern was that there may be peculiar variations within the individuals. To cope with the difficulties, we performed 15-time repeated measurements and examined daily and diurnal variations in the physiological tests among the VDT and non-VDT workers. And, the absence of significant trends was first confirmed in the non-VDT workers; a similar finding has been shown in healthy students9~. Second, after comparing data from the VDT worker group with data from the non-VDT worker group regarding the diurnal and daily changes, the plausibility or consistency of the results obtained was scrutinized to achieve the validity and generalizability. Nevertheless, since the significant changes were not always shown in all the VDT workers, further follow-up study with large population is clearly needed. The NPD in the VDT workers was significantly longer than that in each of the matched controls; and, the CFF was significantly depressed in the Workers 1 and 3. The differences of the morning values in the NPD and CFF among the 6 subjects might have resulted from the presence/absence of chronic effects of VDT work in addition to the effects of aging and life-style, while these tests are known to have a wide variety of interpersonal variations9~. In addition, it is possible that appropriate recess within working time may reduce visual fatigue, inasmuch as (1) the CFF was comparable between the Worker 2 who could take a 10-minute recess per 30 minutes and the Control 2, and (2) the Worker 2 showed no significant daily trends in the VEP latency, NPD or CFF (Table 2 ).
In the earthwork by means of wireless operation with VDTs, health concern for such workers is presently limited to transient and reversible conditions such as visual fatigue. The physiological data obtained from the VDT workers indeed were within the normal ranges. Several investigators also failed to find evidence of any lasting damage4'. However, when the Worker 1 of this study had operated with use of virtual reality for one month, ocular pain and headache due to its use were so severe that he could not work. Use of virtual reality in the industrial world may increase in the near future. For this reason, subclinical effects of VDT work including working conditions such as lighting, luminance, contrast and design22>, should be carefully monitored in the concerned fields.
